PACS 62.80 +f acoustic and transverse optic modes is very small so that the expressions for attenuation and velocity would not show any abrupt changes.
The H-D isotope effects in hydrogen bonded ferroelectrics like KDP (KH 2 PO 4 ) are well known in solid state physics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Litov and Uehling 12 have clearly shown such an acoustic anomaly at T c . KDP is a uniaxial ferroelectric with a Curietemperature T c = 122 K and 222 K for its analogous deuterated isomorph DKDP (KD 2 PO 4 ). The ferroelectric phase transition in KDP is of first order. In Para-electric phase KDP is tetragonal and the x y mechanical strain is piezoelectrically coupled to the polarization along the ferroelectric z-axis. Therefore, the anomalous ultrasonic wave is a transverse wave propagating in the [100] direction with its polarization in the [010] direction.
Approaching T c from above, the acoustic attenuation increases and the acoustic velocity decreases due to piezoelectric coupling between the elastic strain and the electric polarization. For uniaxial ferroelectrics with soft acoustic modes, critical fluctuations can be suppressed by the long range interactions associated with piezoelectric coupling between electric polarization and elastic strain. The traditional microscopic theory for ferroelectric phase transition in KDP family is based on an Order-disorder model that considers proton tunneling between two sites of adjacent tetrahedra 13 .
In KDP crystals the bilinear coupling between the proton system and the optical phonon plays an essential part in ferroelectric phase transition. The presence of a coupled soft mode involving the optical phonon and the collective tunneling mode of the protons is investigated in KDP 10 .
In this paper, we will investigate the isotope effect on sound attenuation in KDP in para phase as a function of temperature and frequency in presence of anharmonicity and will compare the results with the available results. In section 2, frequency and temperature variation of critical attenuation are numerically calculated. In section 3 and 4, the results are compared and discussed with experimental data available.
Calculation

Variation of sound attenuation with temperature
For attenuation of sound waves, we consider the following Green's function for acoustic phonons,
The modified Hamiltonian used in this study is similar to as used by Naithani et.al. 14 With the help of modified model Hamiltonian, Fourier transform and writing equation of motion for Green's function (1) in Dyson's equation form, one gets
Where Γ A is damping constant for acoustic phonons in presence of anharmonicity. The coupledsoft mode frequency is stabilized in the presence of anharmonicity. The attenuation constant is given by
Where damping constant is given by equation (3) of our earlier reference 15 , c is the sound velocity. In the vicinity of T c temperature dependence of α a (ω) or α c can be expressed as
... (4) Here A 4 (ω) is fourth-order anharmonic interaction term.
It is clear from equation (4) In this study, only the net critical relaxation attenuation (α c ) near structural phase transition is pertinent, so that the remaining attenuation, by extrapolating from the attenuation at higher temperature, should be subtracted as a background. The background attenuation (α 0 ) is small, frequency independent and temperature insensitive. Extrapolated values of α c with T/(T-T c ) 3/2 are given in table 1 for KDP and in table 2 ... (5) Where ω 2 dependence arises from the quartic anharmonic interactions while ù dependence is due to the cubic anharmonic interactions term. If we retain quartic anharmonic interaction terms (as a 3 > a 2 for stabilization of coupled-soft mode near T c ), we have .. (7) The parameter a 3 is calculated by best fitting of data obtained from figure 2 of reference 1 to equation (7) at T= 123 K at frequency 15 MHz for KDP and figure 4 of reference 2 to equation (7) at T=226 K at frequency 15 MHz for DKDP. Where f (5-50MHz) is in MHz. This investigation shows that ω 2 dependence is in agreement with the results of Toda et.al. 18 .
DISCUSSION
Damping constant Γ A (ω) of the acoustic phonon decreases, if the damping of the coupledsoft mode, which interacts with the acoustic mode increases . It is obvious that in Order-disorder ferroelectrics, the attenuation of sound waves varies as T/(T-T c ) 3/2 in Para-electric phase near T c . The ω 2 as well as (T-T c ) -3/2 power laws are in agreement with the results of others [19] [20] [21] [22] [23] . Anharmonicity A 4 (ω)) is necessary in the crystal to observe these dependences.
At constant temperature, attenuation in DKDP with increasing frequency is less than in KDP. .
CONCLUSION
An expression is derived for attenuation constant of sound and its temperature and frequency variations are discussed in KDP and DKDP using double time thermal Green's function technique. In the Hamiltonian, mass and force constant changes due to deuteration are taken into account in the crystal Hamiltonian augmented with forth-order anharmonic term and higher order electric moment terms and their contributions to scattering processes. The scattering processes operate for relaxation times for a particular acoustic phonon mode. The acoustic width in the phonon frequencies is temperature dependent giving the temperature dependence of the attenuation constant. The temperature dependence is the direct consequence of the anharmonicity in the crystal potential.
In the vicinity of Curie-temperature, the coupled-soft mode frequency (ω 0 0
) which is imaginary in harmonic approximations becomes stabilized and temperature dependent due to anharmonic terms and becomes vanishingly small and N o (equation 3 of reference 15) becomes anomalously large and hence, the attenuation constant increases anomalously. The treatment adopted here leads one to see the comparative variations of the sound attenuation in KDP and DKDP with temperature and frequency parameters in Para phase.
